The present study reports the age and growth properties of Burdur Loach, Oxynoemacheilus anatolicus Erk'akan, Özeren & Nalbant, 2008 caught from the Düger Spring Creek (Burdur-Turkey) and is currently listed as an endangered species. 100 specimens of O. anatolicus, which ranged in size between 2.5 and 8.6 cm in total length, 0.14 and 5.90 g in total weight, were collected during the study period. Of all the O. anatolicus examined, 5 were immature, 50 were female, and 45 were male. The overall sex ratio in the populations matches the expected value of 1:1 in a normal population. The otolith readings indicated the presence of five age classes (I-V). Length-weight relationships were fitted by the equation W= 0.0082L 3.0402 (p<0.05) for both sexes combined and this indicated that growth was positive allometric. The condition factor values were calculated and ranged from 0.64 to 1.19. The obtained data was compared with available results from close species. This study provided first baseline data related to length-weight relationship, age, sex ratio and condition factor for O. anatolicus -a species whose populations have been threatened due to various ecological changes in its habitats, leading to increased concern and the need for conservation.
INTRODUCTION
Anatolia is characterized by high levels of biodiversity and a high density of endemic species, Its geological history has played a key role in the diversification of freshwater fish species (Demirsoy, 2002; Kuru, Yerli, Mangıt, Ünlü, & Alp, 2014; Çiçek, Sungur Birecikligil, & Fricke, 2015; Çiçek, Fricke, Sungur, & Eagderi, 2018) . The loach genus Oxynoemacheilus has undergone major diversification in Anatolia, where more than 30 species have been reported (Froese and Pauly, 2019) .
Members of the genus Oxynoemacheilus, commonly known as stone loaches, are small fish living in the fresh waters of Asia and its islands, Europe, and northeast Africa. They inhabit a variety of water bodies ranging from mountain streams to salty rivers in dry lowlands (Jouladeh-Roudbar, Eagderi, & Hosseinpour, 2016) . Most of them are very rare and have a limited distribution area. Despite the high diversity and endemism of Oxynoemacheilus genus in Turkey, knowledge about its biology and population dynamics are still limited. Most of the available studies have focused mainly on lengthweight relationships (Gaygusuz et al., 2012;  Erk'akan, Innal, & Özdemir, 2013 Innal, & Özdemir, , 2014 Innal, Özdemir, & Dogangil, 2015; Birecikligil, Çiçek, Öztürk, Seçer, & Celepoğlu, 2016; Özcan & Altun, 2016; Yazıcıoğlu & Yazıcı, 2016) .
The Burdur Endorheic Basin has a great diversity of natural ecosystems including wetlands, warm and hot springs, and saline and freshwater lakes. Because of the introduction of alien or translocated fish species and building of dams for agricultural purposes, many endemic fishes have become rare and endangered here (Küçük, Gülle, Innal, & Güçlü, 2016; personal observation, Deniz Innal) . The Burdur Endorheic basin provides an essential spawning and rearing habitat for many loach species, including the Burdur loach (Küçük et al., 2016) . Burdur loach has been reported at input locations in Karamanlı Dam Lake (Erk'akan, Özeren, & Nalbant, 2008) , Başpınar Creek (Küçük et al., 2016) , Düger Spring (Freyhof, Erk'akan, Özeren & Perdices, 2011; and Pınarbaşı Creek (Innal & Giannetto, 2017) .
While the subject's populations have been threatened due to various ecological changes in its habitats, leading to increased concern and the need for conservation, there is not sufficient information available about its biological features. This study provided first baseline data related to length-weight relationship, age, sex ratio and condition factor for O. anatolicus.
MATERIALS AND METHODS
The study was carried out in Düger Creek between March 2014 and December 2014 (6 sampling events). Düger Creek is a small, karst system in the southwest of Turkey, situated in the Düger close to the city of Burdur (Burdur Endorheic Basin). Water quality parameters were measured at the surface at the start of each field trip. Temperature (°C), salinity, pH and dissolved oxygen (mg/l) concentration were measured using a YSI water meter (Professional Plus). A total of 100 O. anatolicus speciemens were collected using electroshock equipment.
After being caught, the fish samples were transported to the laboratory where their size (total length; cm, referred to as L in the text and weight; g, referred to as W in the text) were measured and weighed to the nearest 1.0 mm and 0.01 g, respectively. The otoliths of individuals were used for age determination (The roman numerals indicate a subjective classification of ages). Length-weight relationships were estimated for the total sample and separated by sex, according to the equations suggested by Ricker (1975) , W=aL b . Where W = mass in grams; L = total length in centimeters. a=constant; b=constant described as isometric or allometric growth type. The value of Condition factor, K was calculated following Froese (2006) , K = 100 * W/ L 3 . The slopes of length-weight regressions were compared to 3 using Student's t-test to ascertain if the species grew isometrically. Size-frequency distributions between sexes were conducted using the t-test and Kolmogorov-Smirnov two-sample test. A Chi-square test was used to identify the sex-ratio divergence from the expected value of 1:1 (male:female).
RESULTS AND DISCUSSION
Düger Creek is a natural karst spring system leading to Lake Burdur. The bottom is generally muddy or made up of small gravel. A range of water quality parameters of Düger Creek were measured ( Figure 1 ).
O. anatolicus was observed in slow-flowing waters where the vegetation zone was dense. Pseudophoxinus burduricus, Gambusia holbrooki, Oxynoemacheilus theophilii and Oxynoemacheilus anatolicus were reported from Düger Spring (Innal et al., 2015; . Within the sample area, bottom salinity ranged from 0.19-0.22 ppt, surface temperature ranged from 21°C-26°C, pH ranged from 7.6-8.4 and dissolved oxygen (mg/L) ranged from 6.9-7.9. This species is well adapted to the warm-water spring zone of Düger Creek.
Although a high species diversity of Genus Oxynoemacheilus exists in Turkey, little is known about their life history. The ecology of O. anatolicus has been reported in aquatic systems in terms of systematics (Erk'akan et al., 2008) , distribution (Freyhof et al., 2011; Küçük et al., 2016; Innal & Giannetto, 2017) and parasites . This work, however, is the first study on age and growth for Burdur Loach in Turkey, so no comparison is possible with other studies of this species.
The sex and age compositions of O. anatolicus are shown in Table 1.
The 100 individuals of O. anatolicus used for the age determination consisted of 45 (45%) males, 50 females (50%) and 5 (5%) juveniles. The female-male ratio for all fish combined was 1.11:1 I  5  5  2  2  3  3  10  10  II  21  21  29  29  50  50  III  11  11  7  7  18  18  IV  15  15  4  4  19  19  V  1  1  2  2  3  3  Total  5  5  50  50  45  45 100 100 Length frequency distribution of O. anatolicus is given in Table 2 The specimens of O. anatolicus ranged from 2.5 to 8.6 cm in total length and from 0.14 to 5.9 g in total weight. Total length ranged from 3.1 to 8.4 cm in males, from 3.1 to 8.6 cm in females and from 2.5 to 3 cm in juveniles. Weight ranged from 0.208 to 5.9 g in males, from 0.203 to 5.6 g in females and from 0.14 to 0.285 g in juveniles. The mean total length and weight of females were higher than males. No significant difference was observed in mean length and weight between sexes (P > 0.05).
The total length of O. anatolicus ranged from 2.5 to 8.6 cm, which fits well within the known values ( (Innal et al., 2015) . In population structure, female individuals of O. anatolicus showed wider length range, mean length and weight than males.
Length and weight frequency distributions and length-weight relationships W = aTL b (in g and cm) for O. anatolicus from Düger Creek are given in Figure 2 .
Among all the individuals, dominancy was in the total length range of 3-6 cm and dominancy was in the weight range of 0.14-2 g (Figure 2 ). The length frequency distributions of males and females were not significantly different. Length-weight relationships was calculated using the data of 100 O. anatolicus specimens. This was found to be W= 0.0082L 3.0402 (R 2 =0.98) (p<0.05; 95% CI of b: 3.022-3.054) for all individuals. The calculated value of (b) exponent for female, male and combined sexes was 3.0286 (p<0.05), 3.0498 (p<0.05) and 3.0402 (p<0.05), respectively. These values indicate that the fish had positive allometric growth. "b" values of O. anatolicus were not significantly different between the sexes. The regression models in the study showed no differences in terms of growth patterns between males and females of O. anatolicus. The r value of 0.98 indicates a high correlation degree of length and weight.
Length-weight relationship (LWR) parameters have basic uses in fish stock assessment and fisheries management (Froese, 2006) . This paper provides the first published reference of the lengthweight for O. anatolicus. Relationships between length and weight for species of Oxynoemacheilus genus have been described by several authors, and both isometric and allometric growth from various water bodies have been reported for species of Oxynoemacheilus genus (Table 3 ). The b value of Oxynoemacheilus species in Turkey has been shown to range from 2.63 to 3.52 (Table 3) .
Allometric growth of Oxynoemacheilus genus determined in this study was in accordance with results reported in earlier studies (Gaygusuz et al., 2012; Erk'akan et al., 2013; Erk'akan et al., 2014; Innal et al., 2015; Birekcikligil et al., 2016; Özcan & Altun, 2016) . The factors affecting the b value have been reported by various authors (Tesch, 1971; Moutopoulos & Stergiou, 2002; Froese, 2006) . Variations in growth type and b values from different areas may be attributed to one or more factors, including different physico-chemical parameters of systems, flora and fauna compositions of systems. sampling designs, sampling properties and characters of species (sex, length range, diet, parasites).
Graphical presentations of the seasonal condition factor for O. anatolicus studied are shown in Figure 3 .
Condition factor (K) values for female samples were generally higher than those of the males. The mean K values for female, male and combined sexes were 0.90, 0.86 and 0.88 respectively (Fig. 3) . The results showed that there were no variations in condition factors between sexes of the O. anatolicus collected from Düger Creek. The condition factor of O. anatolicus showed seasonal variation -it was noticed that K was higher when fish entered into the maturation phase during the month of March, while for rest of the seasons K showed lower values.
The mean condition factor which is a measure of the suitability of the environmental factor for growth of the species obtained for this study was 0.88 and ranged from 0.64 to 1.19. Mean condition factor value was close to the value (0.86) documented by Yazıcıoğlu & Yazıcı, (2016) for Oxynoemacheilus angorae from the Kılıçözü Stream and also relatively lower than the value (0.94) reported by Birecikligil et al. (2016) for Oxynoemacheilus angorae from the Kızılırmak River Basin (Birekcikliğil et al., 2016) . Differences in mean condition factors of males and females in this study were not statistically significant.
The Burdur Loach was listed as endangered as a result of dam construction and pollution (Freyhof, 2014 Anthropogenic water pollution is another important disturbance factor. The anthropogenic water pollution sources include human waste, ruminant animal farming and chicken egg industry discharges. Chemical pesticides, often used in agriculture, may constitute a high risk to O. anatolicus. In addition, the construction of roads for Marble Mining affects the habitat quality of Düger Creek. A minor threat is excessive water abstraction that alters the normal creek flow and may restrict the movement of the fish along the creek channel.
CONCLUSIONS
This study highlights that growth characteristics for Burdur Loach are not much different from species in the same genus (Table 3) . Length-weight relationship exhibited positive allometric growth patterns in the O. anatolicus collected from Düger Creek. The overall sex ratio in the populations matched the expected value of 1:1 in a normal population. Condition factor values of O. anatolicus in Düger Creek were close to the reported values for other species of the same genus. The best conditions for the fish were recorded during the month of March.
Because of the threat to O. anatolicus populations by loss of suitable habitats, conservation efforts are required. Data on lengthweight relationship, age, sex ratio and condition factor for Burdur Loach inhabiting Düger Creek have been presented in this paper for the first time.
It could be concluded that the findings of this study will contribute to the knowledge of bioecology of O. anatolicus. Further studies on the reproductive biology and conservation practices are urgently required for this endangered species.
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